Background: Information on the clinical and echocardiographic characteristics of young patients with heart failure with reduced ejection fraction is scant, especially among racially diverse populations. Methods: Patients admitted to Montefiore Medical Center between 2000 and 2016 with heart failure and ejection fraction of <40% were categorized as young (18-39 years), middle-aged (40-64 years), and elderly (≥65 years). Multivariable Cox regression models were used to evaluate mortality risk. Results: A total of 1032 young, 8336 middle-aged, and 13,315 elderly patients were included. Median follow-up was 36 (14-69) months. The young group had more black individuals, lower socioeconomic scores, larger left ventricular chambers, but lower N-terminal pro b-type natriuretic peptide levels (P < 0.001). Better survival outcomes were observed in the young compared to the middle-aged [hazard ratio (HR), 1.52; 95% confidence interval (CI), 1.31-1.77] and elderly (HR, 3.19; 95% CI,. After multivariable adjustments, only β-blockers were associated with a significant reduction of mortality in young patients (HR, 0.33; 95% CI, 0.22-0.51).
A lthough heart failure (HF) with reduced ejection fraction (HFrEF) is well described in the elderly, there is a paucity of information regarding the characteristics of HF in the young, likely due to its lower prevalence in patients younger than 40 years of age. 1 To date, 3 post hoc analyses of clinical trials have focused on young patients with HFrEF, [2] [3] [4] which showed that young patients have milder symptoms, less remarkable clinical and radiological signs, but more severe left ventricular (LV) dysfunction. Readmission rates in young patients are similar to those of older patients, 3 but survival rates are higher. [2] [3] [4] These 3 studies, however, offered little information on racial and socioeconomic background of young patients with HFrEF. There were only 14 young patients in the Coronary Artery Risk Development in Young Adults (CARDIA) cohort 2 and 84 in the Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity (CHARM) trial, 3 the latter consisting of mostly white patients. 3 Although the Meta-analysis Global Group in Chronic Heart Failure (MAGGIC) study included 718 young patients with HFrEF, it did not assess racial differences. 4 In addition, none reported N-terminal pro b-type natriuretic peptide (NT-proBNP) levels or echocardiographic data beyond ejection fraction (EF) and LV mass index. Furthermore, therapeutic decisions for young patients with HF are currently extrapolated from landmark clinical trials for HF that mostly included older patients (mean age, ≈50-60 years old), [5] [6] [7] [8] [9] [10] [11] [12] [13] who may have different primary etiologies and pathophysiological mechanisms. Therefore, we aim to describe the clinical and echocardiographic characteristics of the largest cohort to date of racially diverse patients with HFrEF younger than 40 years, in addition to the association between HF therapies and outcomes.
METHODS
This is a retrospective cohort study of patients hospitalized in Montefiore Medical Center, Bronx, NY. The study was reviewed and approved by the Institutional Review Board of Montefiore Medical Center and Albert Einstein College of Medicine. There were no financial sponsors for this study.
We included adult patients (age ≥18 years) with a diagnosis of HF (by International Classification of Diseases [ICD]-9 codes) upon inpatient discharge from the Montefiore Health System, Bronx, NY, between January 1, 2000, and December 31, 2016, with an echocardiogram showing an EF of less than 40% at the time of diagnosis. For patients who had multiple hospitalizations during that period, the first admission was selected. The cohort was divided into 3 age groups, the young (18-39 years), the middle-aged (40-64 years), and the elderly (≥65 years).
Demographic and clinical information was collected from electronic medical record via Clinical Looking Glass, a clinical analytic system used at Montefiore Health System. Baseline demographic data included age, sex, self-reported race/ethnicity, and socioeconomic status (SES). SES was a summary Z-score that combined wealth, income, and education level; it was presented as above (positive) or below (negative) mean SES in New York State. Other clinical data included reported cardiac diseases (eg, ischemic heart disease, dilated cardiomyopathy, valvular heart disease, alcoholic and peripartum cardiomyopathy), chronic comorbidities (eg, hypertension, diabetes, atrial fibrillation, chronic kidney disease, etc), additional diagnostic tests (NT-proBNP and echocardiographic measurements), and treatments such as guideline-directed medications prescribed within 6 months of discharge of the index admission, automatic implantable cardioverter defibrillator placement, LV assist device, and heart transplantation within 5 years of the index admission.
The end of the follow-up period was December 31, 2017. Median follow-up was 36 (14-69) months. The outcome was allcause mortality.
Clinical characteristics were summarized in descriptive statistics. Continuous variables were shown either as mean ± SD for normally distributed data or median with interquartile range for data following non-normal distribution. Categorical variables were presented as number of patients and frequencies (% Kaplan-Meier curves were used to analyze the cumulative probabilities of all-cause mortality. Unadjusted Cox proportional models were performed to compare risk of all-cause mortality among different age groups, and multivariable Cox regression models were constructed to assess the predictors of mortality in the 3 age groups. A 2-sided P value ≤ 0.05 was considered statistically significant. Analyses were conducted using STATA 13 (StataCorp, College Station, TX).
RESULTS
Of the 22,683 patients included, 1032 (4.6%) were in the young age group, 8336 (36.7%) in the middle-age group, and 13,315 (58.7%) in the elderly group. The baseline clinical characteristics are shown in Table 1 . The proportions of Hispanic (25.9%) and non-Hispanic black (43.7%) patients were significantly higher in the young group compared with their counterparts. On the other hand, the proportion of white patients was significantly higher in the elderly group compared to young and middle-age groups. The young group had a significantly lower SES score than older age groups (Table 1) .
Ischemic heart disease in young patients was not as common as it was in middle-aged or elderly patients: 14.1% vs. 43.7% and 59%, respectively (P < 0.001). In contrast, a significantly larger proportion of young patients had dilated cardiomyopathy (36% vs.
24.8% and 15.7% in middle-age and elderly patients, respectively; P < 0.001). HF was attributable to alcoholic cardiomyopathy (1.65%) and peripartum cardiomyopathy (7.8% of female patients) in a small but significantly larger proportion of young patients than that of the older groups (Table 1 ). The presence of hypertension was remarkably high in the young group (40.8%) albeit lower than the middle-aged (63.4%) and elderly (73.3%) groups. Cocaine abuse was highest in the middle-aged group (8.7%), followed by the young group (5.5%), and lowest in the elderly group. Other chronic comorbidities, including diabetes mellitus, chronic kidney disease, chronic obstructive pulmonary disease, malignancy, peripheral vascular disease, and valvular heart disease, were significantly lower among the young patients compared to other age groups (Table 1) .
Young, middle-aged, and elderly patients had similar LV EF (30%-31%). Young patients had more dilated LVs (LV end-diastolic diameter 48 mm vs. 45 mm and 40 mm in the older groups) and larger left atria (left atrial volume, 76 mL vs. 73.8 mL and 72 mL in the older groups; Table 2 ). On the other hand, the median NT-proBNP level in young patients (2147 ng/mL) was significantly lower than older patients (2708 ng/mL and 5833 ng/mL; Table 1 ).
The rates of guideline-directed medical therapy for HFrEF were suboptimal across all age groups. The prescription rates of diuretics, β-blockers, angiotensin-converting enzyme inhibitors (ACEI), aldosterone receptor blockers (ARB), and combination hydralazine/isosorbide were similar among the young and middleaged groups and higher than the elderly group (Table 3 ; Fig. 1 ) Only mineralocorticoid receptor antagonists were prescribed in a significantly higher proportion of young patients (28.4% vs. 20.7% and 11.5% in the middle-aged and elderly groups, respectively, Table 3 ).
The same trend between age groups was seen when comparing patients receiving automatic implantable cardioverter defibrillator. Young patients were more likely to receive LV assist device and heart transplantation than middle-aged and elderly patients (Table 3) .
In a median follow-up time of 36 months (interquartile range, 14-69 months), there were 7620 deaths overall. Middle-aged [HR, 1.52; 95% confidence interval (CI), 1.31-1.77] and elderly patients (HR, 3.19; 95% CI, 2.75-3.70) had significantly higher risk of mortality compared with the young group (Fig. 2) .
In multivariable analysis, use of a β-blocker was associated with significantly lower risk of mortality in the young group (HR, 0.33; 95% CI, 0.22-0.51) as well as in the middle-age (HR, 0.65; 95% CI, 0.57-0.74) and elderly groups (HR, 0.76; 95% CI, 0.70-0.82). In contrast, the use of an ACEI or ARB portended a significantly reduced risk of mortality in middle-age (HR, 0.76; 95% CI, 0.67-0.85) and elderly individuals (HR, 0.81; 95% CI, 0.76-0.87) but not in the young group (HR, 1.39; 95% CI, 0.92-2.11; Table 4) .
DISCUSSION
We present an observational retrospective analysis of young patients with HFrEF in a single tertiary care center with a racially diverse population. Our data provide valuable clinical and epidemiologic information derived from the largest number of young patients with HFrEF in the literature. Our study had several important findings. First, we found that young patients with HFrEF were more likely non-Hispanic black and Hispanic rather than white and had lower SES compared with older age groups. Second, our data revealed that young patients had lower NT-proBNP than older populations despite worse LV dilatation. Last, we showed remarkable differences with regards to HF medications and risk of mortality: β-blockers were associated with significantly reduced mortality in comparison to older groups, whereas the use of ACEI/ARB was associated with reduced mortality in older groups but not in young patients.
In our cohort, young patients with HFrEF were more often male and black, consistent with previous studies. [2] [3] [4] Notably, the proportion of white patients with HFrEF increased with age, the proportion of black patients with HFrEF decreased with age, whereas the proportion of Hispanic patients remained stable across age groups. This distribution may be partly explained by the higher prevalence of idiopathic dilated cardiomyopathy in black patients 14, 15 although it could also be due to higher survival rates in white HF patients compared to other races as previously reported. 16 In addition, the term "Hispanic" refers to a place of origin and can include white, black, and native Americans. The racial heterogeneity in this denomination may explain the stable proportion of Hispanic patients across age groups. Young patients had significantly lower SES than other age groups. This might reflect lower educational levels, poorer lifestyle choices, and more limited access to medical resources in these patients and therefore highlights the need for different approaches in real-world practice to prevent and treat HF in the young. Emphasis could be placed on increasing adherence and decreasing health care utilization through health-related technology applications for chronic disease self-management. Younger patients could benefit more from these approaches compared with older patients given that younger patients are more likely to be familiarized with electronic devices and online platforms and less likely to have cognitive or physical impairment. 17 In addition, the lower SES in the young may be a result of limited employment opportunities and/or lost work days due to illness.
Echocardiographic parameters and NT-proBNP values appear paradoxical at first glance. Young patients had significantly larger LV end-diastolic diameter and LV end-systolic diameter, which may be partly explained by the higher prevalence of dilated cardiomyopathy. This may suggest the presence of other pathophysiologies in HFrEF of the young that account for these echocardiographic findings. Moreover, despite a worse ventricular dilatation phenotype on echocardiography, our analysis showed that younger patients tend to have lower levels of NT-proBNP. It is reported that NT-proBNP levels increase with advancing age, 18, 19 and that black individuals tend to have lower NT-proBNP levels compared with white patients. 20 These observations might explain the lower NT-proBNP we found in our young HF group, which consisted of a large proportion of black patients. Furthermore, our study might help to strengthen the relationship between NT-proBNP levels and age because prior studies included few patients below the age of 40. [18] [19] [20] Special consideration should be given to the analysis of medical therapy. Young patients were more often receiving guideline-directed treatments, which may reflect the presence of fewer comorbidities, contraindications for cardiac medications, or interactions with other noncardiac medications compared with older groups. The higher proportion of young patients receiving a combination of hydralazine/nitrates likely represent the higher proportion of black patients in the young group. Patients younger than 40 years old are a minority of the cohorts for the trials that provided the evidence of mortality benefit in HFrEF. [5] [6] [7] [8] [9] [10] [11] [12] [13] Therefore, it is less clear whether the benefits of these medications are comparable to that in older populations. Our data showed that β blockers were associated with ≈60% reduction of mortality risk in the young group, whereas they portended about ≈20% reduced mortality in the 2 older groups with no overlap between HR 95% CIs between young and elderly groups. The substantial benefit seen in the young population might suggest a significant impact of adrenergic blockade in reversing LV remodeling, which might be greater at earlier ages. 21 It also has implications for daily practice, it underscores the importance of medication adherence, and it should prompt additional efforts by clinicians to discuss common side effects of β-blockers such as depression and impotence that may significantly hinder the quality of life of young patients and lead to discontinuation of life prolonging therapy.
Although the use of ACEI/ARB was associated with decreased mortality risk in the older populations, it failed to reduce mortality in the young group. This finding highlights the possible differences in the mechanisms for the development of HFrEF in the young compared with older patients. It suggests a lesser role of an altered reninangiotensin-aldosterone system in the pathophysiology of HFrEF in the young. It has also been postulated that black patients, which the young group was mainly comprised of, respond less well to ACEI than white patients. 16 This finding, however, may also be explained, in part, by the smaller sample size in the young group leading to limited power of the test. Nonetheless, although these findings might have clinical importance, they are hypothesis-generating and further studies with randomized clinical trials are needed to confirm these findings.
FIGURE 1.
Rates of heart failure therapy between age groups. AICD indicates automatic implantable cardioverter defibrillator; H/I, hydralazine/ isosorbide; LVAD, left ventricular assist device; MRA, mineralocorticoid receptor antagonists. The rates of guideline-directed medical therapy were suboptimal across all age groups in this cohort although the prescription rates were similar or superior to recent studies, including some national averages. 22, 23 This underscores the importance of quality improvement measures as undertaken by the Montefiore health system in recent years to increase guideline adherence in prescription practices. 24 Limitations of our study are that it is retrospective and that ICD codes were relied upon for inclusion criteria and etiology of HF. Therefore, certain uncommon HF etiologies (eg, infiltrative diseases) may not have been coded in the electronic medical record. Our study is based on a single tertiary care center, for which generalizability of our findings should be considered cautiously. Furthermore, there was a significant proportion of missing echocardiographic data, especially left atrial volume (≈60%), likely due to the inclusion of records from the earlier years when the significance of left atrial volume was not well recognized. Finally, we were not able to distinguish cardiac death and noncardiac death in our mortality data.
CONCLUSIONS
Young patients with HFrEF were more likely to be black and tended to have lower SES than older patients. They had lower levels of NT-ProBNP despite greater ventricular dilatation. They were more likely to receive aggressive treatments and had better outcomes overall. The use of β-blockers, but not other medications, was associated with significantly improved survival in young patients.
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